Some growers in northern corn (Zea mays L.) producing regions forgo the typical autumn harvest for various reasons, but not without the risk of significant yield loss. Therefore, strategies are needed for managing the risks to yield when harvesting corn in spring. Field experiments, with various management strategies, were initiated in Ontario, Canada near Belmont and Ridgetown in 2009 and near Belmont, Ridgetown, and Lucan in 2010. Management strategies investigated the use of hybrids with a range in maturity, the use of standard and reduced plant populations, and the use of a foliar fungicide applied around tasseling. The parameters examined were stay-green in autumn, lodging in spring, and grain yield, moisture, and test weight of corn harvested in autumn and spring. Standard corn production practices consist of using a full-season hybrid planted at 80,000 plants•ha −1 with no late-season fungicide application; however, if over-wintered at Belmont, corn managed using these practices resulted in a 23.1% yield loss (12.1 vs 9.3 Mg•ha −1 ) averaged across years when the crop was harvested in the spring. An overwintering management strategy for corn was identified, which consisted of planting at a reduced plant population (60,000 plants•ha −1 ) and spraying the crop with QUILT ® (azoxystrobin + propiconazole at 200 g a.i. ha −1 ) at the VT to R1 growth stage. Averaged across all hybrids, this strategy minimized yield losses through improvements on corn standability with only a 3.5% yield loss at Ridgetown and a 13.2% yield loss at Belmont. Furthermore, grain test weights for corn with the overwintering strategy were similar to or greater than corn overwintered with the standard production practice. However, weather conditions have the potential to overwhelm any management strategy. In spite of the favorable data indicating reduced risks with a spring harvest, lodging was still higher than expected and yield losses would likely be unacceptable for most growers to make a spring corn harvest a widely accepted practice, unless autumn grain moistures are extremely high, drying charges * Corresponding author.
Introduction
Growers in the northern corn (Zea mays L.) producing regions of North America can encounter various management challenges. While selecting full-season or later maturing corn hybrids can maximize yield [1] - [3] , later maturity hybrids can have high grain moisture content at harvest (more than 30% to 35%), contributing to increased drying costs [4] and low grain test weights. Increased autumn precipitation, a trend observed in eastern Canada and the northeastern United States [5] [6] , can also delay harvest and could contribute to high grain moisture content. As a result, growers have devised hybrid selection and grain drying strategies in an attempt to maximize economic returns with an acceptable level of risk. However, if soil moisture conditions make a timely harvest unfeasible [7] [8] or if volatility in the corn market and/or energy prices makes drying high-moisture corn cost prohibitive, growers may need an alternative strategy to minimize risk. A practice used by some growers is to forgo the typical autumn harvest, allow the corn to dry down in the field over winter, and harvest the crop in spring when the harvested grain does not incur drying costs. While alleviating the added expense of drying high-moisture corn and storing dry corn over winter, there can be increased risk of lodging over winter, impacting crop harvestability and grain yield [9] .
Management practices currently exist which can improve corn standabilty (i.e., stalk or root lodging). For example, growers can manage lodging by selecting hybrids rated for superior stalk strength and by selecting later maturing hybrids. In an Ohio study, standability improved with a later maturing hybrid with an above average stalk strength rating during delayed autumn harvests compared to an earlier maturity hybrid with a similar stalk strength rating [7] . In the absence of concerns with the high grain moisture content associated with later maturing hybrids, the selection of a full-season or later maturing hybrid could be a management strategy to capitalize on improved standability that would accompany a decision to forgo the typical autumn harvest. Furthermore, growers can also alter seeding rates to manage lodging since the relationship between increased plant densities and increased lodging is well documented [10] - [15] . Due to concerns with lodging from overwintering corn, a reduction in plant density could improve standability for a spring harvest. For example, stalk lodging during a harvest delayed until early to mid-December [7] or late March [8] was considerably reduced when using a low plant density (i.e., 59,000 plants•ha −1 ) compared to using higher plant densities. Lastly, foliar fungicides applied around tasseling (e.g., VT to R2 growth stage) have been shown to delay leaf senescence and improve stalk health [16] [17] , which could contribute to improved standability.
Very limited research has been performed on managing corn with the intent of overwintering for a spring harvest. Wisconsin data from 2000 and 2001 indicated that yield losses during a spring harvest can vary widely with 38% to 65% yield loss during a winter with heavy snow cover and only 7% to 10% yield loss in a winter with little snow cover [9] . However, since that data were reported, newer hybrid trait technologies, which have become adopted extensively [18] - [20] , could have the potential to also improve corn standability over the winter. For example, Bt (Bacillus thuringiensis) traits for various insect pest resistance, which have been shown to reduce stalk and root lodging [11] [21]- [24] , are commonly stacked in hybrids to include herbicide resistance. Use of these highly resistant hybrids [18] may reduce or eliminate the use of herbicides with more injurious modes of action (e.g., phenoxy or synthetic auxin herbicides) that may weaken stalks and increase lodging [25] and reduce corn yield [26] . When coupled with genetics for improved stalk strength, the adoption of hybrids with stacked resistance traits might improve the likelihood of successfully overwintering corn for a spring harvest. Unfortunately, management recommendations developed from research trials do not exist for minimizing the risks associated with harvesting corn in spring. However, management strategies for spring harvesting corn could be developed using technological innovations that are currently available to corn growers. Therefore, the objectives of this study were to: 1) determine the effects of hybrid maturity, plant population, foliar fungicide application, and harvest timing on grain yield and standability, and 2) identify potential management opportunities for overwintering corn.
Materials and Methods

Study Establishment
Field experiments were initiated in 2009 and 2010 on five separate locations in southern Ontario, Canada. Experiments were installed on two farm fields near Belmont (42˚87'N, 81˚07'W) and Ridgetown, ON (42˚46'N, 81˚87'W) in 2009, and on three other farm fields near Belmont (42˚87'N, 81˚08'W), Ridgetown (42˚46'N 81˚89'W), and Lucan, ON (43˚20'N, 81˚40'W) in 2010. These locations were selected to not only represent major corn growing areas of the province, but to test treatments in contrasting winter environments. For example, winters at Ridgetown tend to be less harsh (e.g., moderate temperatures with less snow) than at Belmont. Compared to Belmont and Ridgetown, Lucan usually receives more snow because it is situated in the "snowbelt" region of southwest Ontario, which is leeward of Lake Huron. At each location, the treatments were arranged in a split-plot design with three splits and replicated four times. The main plot factor was harvest timing (autumn or spring), the first split was plant population (60,000 or 80,000 plants•ha −1 ), the second split was QUILT ® (azoxystrobin + propiconazole) foliar fungicide (0 or 200 g a.i. ha −1 ) applied at the VT to R1 growth stage, and the third split included three corn hybrids with different maturities. The hybrids that were selected for each location covered a range of maturity: early, full-season, and late (approximately 100 Crop Heat Units [27] later than the full-season). All hybrids exhibited good yield potential, standability, and stacked resistance traits ( Table 1) . The corn was seeded into rows spaced 0.75-m apart to create experimental units 4 rows wide by 35-m long. A buffer strip of 4 rows was used between each foliar fungicide split to minimize interference from the sprayer at tasseling. The experiments were designed to mimic farm field-scale environments by reducing field-edge effects from wind and snow. For example, an unharvested border of at least 12 rows was maintained around the experimental area at each field location, and an additional 4 rows of border were left unharvested around the overwintered corn. Within the unharvested border rows, 6 rows were harvested for trapping blowing snow during the winter.
Fields at all locations were planted at an optimal timing in early May of each year. Both fields near Belmont followed winter wheat underseeded to red clover; these fields were moldboard plowed in the autumn and cultivated twice in the spring for seedbed preparation. The previous crop for the fields near Ridgetown was soybean and the seedbed was prepared by cultivating twice in the spring. At the Lucan site, the previous crop was wheat and the field was moldboard plowed in the previous fall and received two passes with a cultivator in the spring. Soil tests were in the "medium" range for both phosphorus and potassium with a pH around 7 at each field location. A liquid starter pop-up fertilizer (6-24-6) was applied in-furrow at 56 L•ha −1 during both years at Belmont and 8-32-16 was applied at 150 kg•ha −1 in a band 5 cm to the side and 5 cm below the seed at Ridgetown during both years and at Lucan. Nitrogen was applied preplant or sidedress as 28-0-0 to achieve approximately 150 kg N ha −1 total in all fields. Weeds were controlled using recommended preplant incorporated and post emergence herbicide applications [28] . The fungicide treatment was applied when the latest hybrid reached VT growth stage using a commercial ground sprayer calibrated to deliver 190 L•ha −1 of solution through TeeJet 11004 nozzles (Spraying Systems Co., Glendale Heights, IL) spaced 0.5 m apart on a boom height-adjusted to spray over the tassels of the tallest hybrid. For the autumn harvest treatments, the main plots were harvested at a "typical" timing in October, and the spring timing was delayed until May 2010 and early June in 2011 when soil conditions could support the combine harvester.
Data Collection and Analysis
Stay-green was estimated visually as the percentage of the total leaf area remaining green in all plots in late September. In the spring, the lodging percentage was calculated by recording the number of stalks lodged by more than 45˚ or broken below the ear found within three, 5-m lengths of the two center rows of all overwintered plots. Regardless of the harvest timing, corn was harvested from the middle two rows of each four-rowplot. Grain yields, grain moistures, and test weights were measured on small-plot combines equipped with Harvest Master Grain Gage Classic grain measurement systems (Juniper Systems, Inc., Logan, UT).
All data were analyzed using PROC MIXED (SAS Ver. 9.2, SAS Institute Inc., Cary, NC). Treatment effects were similar across years within each of the Belmont and Ridgetown locations (P > 0.25), but the treatment responses were different between Belmont and Ridgetown; therefore, years within each location were combined and the locations were analyzed separately in the final analysis. In this analysis, the fixed effects included harvest timing, plant population, fungicide, hybrid, and all of their interactions. The random effects included replication × harvest timing within year, replication × harvest timing × population within year, and replication × harvest timing × population × fungicide within year. Significance of fixed effects was tested using an F-test and random effects were tested using a Z-test of the variance estimate. PROC UNIVARIATE in SAS was used to test data for normality and homogeneity of variance. For grain yield, residual variances were different across harvest timing and year at Belmont and Ridgetown, which violated an assumption of ANOVA. Thus, these heterogeneous variances were modeled in PROC MIXED using the repeated statement with group = year × harvest timing. Satterthwaite's approximation was used to estimate degrees of freedom. Residuals for grain moisture and test weight data were normalized using a transformation [(n + 0.1)
] before analysis; means were backtransformed for presentation purposes. No transformations were necessary for other parameters. The sums of squares for interactions were partitioned across harvest timing using the SLICE option in PROC MIXED [29] . Means were separated within each slice using Fisher's Protected LSD at P = 0.05.
Results and Discussion
Four out of the five field locations (Belmont and Ridgetown, initiated in 2009 and 2010) were harvested in the following spring. Data from the Lucan location were discarded because nearly 100% of the corn plants left to overwinter were pulled to the ground due to excessive snow accumulation. The Lucan experiment site was located approximately 20 km north of the London, ON weather station ( Table 2 ) and typically receives twice as much snow from November to January due to enhanced lake-effect precipitation from Lake Huron. In comparison, the overwintering conditions in the fields near Belmont (approximately 15 km south of London) were less severe than at Lucan, but more severe than what occurred near Ridgetown. Ridgetown is approximately 80 km southwest from London and typically receives half as much snow as London ( Table 2 ). In the current study, the main effects of harvest timing, plant population, fungicide application, and hybrid selection on grain yield tended to be highly significant (P < 0.001, Table 3 ) for the data collected at the Belmont and Ridgetown locations; the exceptions to this were harvest timing effects on grain yield at the Ridgetown locations (P = 0.616) and plant population effects on grain yield at the Belmont locations (P = 0.326). Significant harvest timing × management strategy interactions were also detected; accordingly, those and other interactions of interest [29] were explored.
Harvest Timing and Hybrid Maturity Effects
Full-and long-maturity hybrid yields were generally greater than the early-maturity hybrids (increases ranging from 2.6% to 10.8%), regardless of harvest timing ( Table 4) . These results from the autumn harvests were consistent with the previous research [1] - [3] ; however, for autumn harvests at the Belmont locations, the greatest yield was recorded from the full-maturity hybrid (12.2 Mg•ha −1 ) and there were no differences in yield between The SLICE option in PROC MIXED [29] partitioned interactions across harvest timing treatments and P-values indicate significance (Fisher's Protected LSD at P = 0.05) within the slice. c Data were pooled across autumn and spring harvest timing treatments within a location.
d P-values for stay-green and lodging main effects are reported in Table 3 .
the early-and long-maturity hybrids, 11.7 and 11.8 Mg•ha −1 respectively ( Table 4) . The lowered yield potential of the long-maturity hybrid was likely due to the growing conditions in 2009. That year at Belmont, hail destroyed approximately 50% of the leaf area at the VT growth stage; in addition, the long-maturity hybrid may not have had sufficient time to reach physiological maturity before a killing frost (data not shown). The autumn yield responses of the long-maturity hybrid at the Belmont locations likely contributed to a harvest timing × hybrid interaction (P = 0.001, Table 3 ). When the hybrids were overwintered at the Belmont locations, spring harvest losses increased from 13.4% to 21.7% as maturity ratings of the hybrids decreased from long-to early-maturity (Table 4) . Conversely, at the Ridgetown locations no harvest timing × hybrid interaction was detected (P = 0.168, Table 3 ), indicating that yield losses were minimal (1.0% to 2.4%) regardless of maturity when corn was harvested in spring ( Table 4) .
While long-maturity hybrids tended to have increased yields, long-maturity hybrids also had the highest grain moistures in autumn and lowest test weights in autumn and spring. Grain moisture in autumn for the long-maturity hybrid was greater than both the early-and full-maturity hybrids with 22.0% and 22.4% at the Belmont and Ridgetown locations, respectively ( Table 4) . Compared to the grain harvested in autumn, grain moistures of overwintered corn were quite low, ranging from 12.1% to 13.7% in spring, regardless of hybrid maturity or location (Table 4) , consistent with a comparable study [9] . Corn grain with higher moisture is often associated with lower test weight at harvest [9] . In the current study, early-and full-maturity hybrids consistently produced grain with greater test weights than long-maturity hybrids regardless of harvest timing. For example, at the Belmont locations, grain from long-maturity hybrids had test weights of 69.6 and 68.1 kg•hL −1 for the harvests in autumn and spring, respectively ( Table 4) . In a Wisconsin study, similarly low test weights were reported for overwintered corn [9] . However, contrary to that study, grain test weights in spring increased as maturity decreased, especially for the full-maturity hybrid at the Ridgetown locations ( Table 4 ), indicating that grain quality was preserved.
Full-and long-maturity hybrids maintained greater green leaf area percentages (stay-green) in September and generally had lower lodging percentages in spring. As would be expected, at both the Belmont and Ridgetown locations, stay-green increased with increasing maturity, with as much as 19% of the leaf area remaining green for the long-maturity hybrid in September at Ridgetown ( Table 4) . While stay-green responded similarly to hybrid maturity, the overall lodging percentages differed between the Belmont and Ridgetown locations and among the hybrids within locations. For example, spring lodging percentages ranged from 50.5% to 62.9% at the Belmont locations and 25.1% to 32.4% at the Ridgetown locations (Table 4) , consistent with a study that showed that hybrids can exhibit a lower level of lodging (39%) at one location and a higher level (60% to 65%) at another during a delayed harvest [7] . Within locations, lodging tended to be greater for the early-maturity hybrid and the full-and long-maturity hybrid had the lowest lodging percentage at the Ridgetown and Belmont locations, respectively (Table 4).
Harvest Timing and Plant Population Effects
When plant populations were reduced from 80,000 down to 60,000 plants•ha −1 , there was a 6% to 6.5% reduction in yield for the autumn harvests at the Belmont and Ridgetown locations and for the spring harvest at the Ridgetown locations; however, at the Belmont locations, grain yields in the spring increased 5% as plant population decreased ( Table 5 ). An overall yield reduction in response to a reduced plant population was consistent with the literature [ [31] . Yet in this study, a significant harvest timing × plant population interaction was detected at the Belmont locations (P = 0.001, Table 3 Table 5) . This meant that the use of a lowered plant population reduced yield losses from overwintering corn; compared to the autumn harvests, yield losses for corn grown at 80,000 plants•ha −1 was 22.8% when harvested in the spring and 13% for corn at 60,000 plants•ha −1 (Table 5) . Conversely, there was no harvest timing × plant population interaction at Ridgetown (P = 0.821, Table 3 ) as less than 2% of the yield was lost from overwintering corn, regardless of plant population (Table 5) . Consequently, when using standard production practices (plant population of 80,000 plants•ha −1 and an autumn harvest) compared to managing the crop to harvest in spring, there was only a 7.7% yield loss at Ridgetown (11.7 vs. 10.8 Mg•ha −1 , Table 5 ), consistent with other research [9] . At both locations, grain moisture in autumn and grain test weight in spring tended to increase as plant populations decreased. At the Ridgetown locations, grain moisture in autumn increased negligibly (from 20.6% to 21.3%) as plant population decreased (Table 5) , similar to other research [31] . Grain moisture in autumn responded similarly at the Belmont locations, but there was no statistical difference (P = 0.074, Table 5 ). For grain test weight, contrary to one study [31] but consistent with another [32] , this parameter tended to increase as plant population decreased (Table 5) . However, the test weight responses to a reduced plant population were only detected when corn was harvested in spring, unlike other studies using an autumn harvest [31] [32], which could indicate that the use of the 60,000 plants•ha −1 plant population preserved grain quality. Corn grown at 60,000 plants•ha −1 generally had lower stay-green in autumn and substantially less lodging in spring after overwintering than corn grown at 80,000 plants•ha −1 . At the Ridgetown locations, 10.1% of the leaf area remained green in September compared to 12.2% for corn grown at 60,000 and 80,000 plants•ha −1 populations, respectively (Table 5) . Whereas, at the Belmont locations, stay-green was not affected by plant population (P = 0.285, Table 3 ). For lodging ratings in spring, the proportion of corn lodged after overwintering at the 80,000 plants•ha −1 population was 42.3% to 67.4% and lodging was reduced to 16.7% to 49.7% at the 60,000 plants•ha −1 population for the Ridgetown and Belmont locations, respectively ( Table 5 ). The overall reduction in The SLICE option in PROC MIXED [29] partitioned interactions across harvest timing treatments and P-values indicate significance (Fisher's Protected LSD at P = 0.05) within the slice. c Data were pooled across autumn and spring harvest timing treatments within a location.
lodging with the use of a lowered plant population was consistent with reports on a study where the harvest was delayed until early to mid-December [7] or late March [8] .
Harvest Timing and Fungicide Application Effects
Compared to untreated plants, corn that received 200 g a.i. ha −1 of QUILT ® fungicide (azoxystrobin + propiconazole) at the VT to R1 growth stage had increased yields regardless of harvest timing. Depending on location, the fungicide application contributed to a 3.3% to 3.5% and 4.4% to 6.9% yield increase for the autumn and spring harvest, respectively ( Table 6 ). In the literature, strobilurin (e.g., azoxystrobin) fungicide application has been associated with increased yields [33] , but generally not in corn when disease severity is low [16] [34]- [37] . In this study, foliar disease severity was relatively low across in all location-years, with severity visually rated at less than 5% coverage of leaf tissue in September (data not shown). The yield response to a fungicide application depended on harvest timing; thus, a significant harvest timing × fungicide application interaction was detected at the Belmont locations (P = 0.041), but not at the Ridgetown locations (P = 0.512, Table 3 ). For example, less than 2% of the yield was lost from overwintering corn at Ridgetown, regardless of fun- The SLICE option in PROC MIXED [29] partitioned interactions across harvest timing treatments and P-values indicate significance (Fisher's Protected LSD at P = 0.05) within the slice. c Data were pooled across autumn and spring harvest timing treatments within a location.
d P-values for stay-green and lodging main effects are reported in Table 3. gicide application. Whereas at Belmont, spring yield losses for corn that did not receive an application of fungicide was 19.7% (11.7 vs. 9.4 Mg•ha ) for corn treated with fungicide ( Table 6) . Therefore, when comparing standard management practices (no unwarranted fungicide application and an autumn harvest) compared to managing the crop to harvest in spring, fungicide use reduced yield losses to an average of 13.7% (11.7 vs. 10.1 Mg•ha −1 ) across locations at Belmont, and appeared to increase yields at the Ridgetown locations by an average of 2.6% (11.1 vs. 11.4 Mg•ha −1 , Table 6 ). Fungicide application had no effect on grain moisture and had a minimal impact on test weight in autumn at the Ridgetown locations; but, fungicide application did have a considerable effect on stay-green (green leaf area increased in autumn) and lodging (lodging was reduced in spring). Grain moisture was not affected by fungicide application at either the Belmont (P = 0.529) or Ridgetown locations (P = 0.375, Table 3 ). Grain test weight negligibly increased with a fungicide application, but only at the Ridgetown locations in autumn (Table 6) . However, compared to grain moisture and test weights, more notable effects were detected for stay-green and lodging. For example, corn plants treated with fungicide had a greater percentage of green leaf area at the autumn harvests at the Belmont (7.3%) and Ridgetown locations (12.8%) compared to untreated plants, 4 .8% and 9.6% respectively ( Table 6 ). These observations were consistent with the stay-green "physiological effect" reported in corn and other crops following an application of a strobilurin fungicide [16] [17] [33] . Furthermore, at the Belmont locations, the proportion of corn lodged in spring that did not receive an application of fungicide was 65% and lodging percentage was reduced to 52% for plants that received fungicide ( Table 6 ). Strobilurin fungicides have been shown to reduce stalk rot and improve corn stalk health [16] [17] [36] ; but, to the best of our knowledge, this is the first documented instance of an autumn-applied fungicide that contributed to improved overwintering standability for plants harvested in spring.
Management Strategy Combination to Overwinter Corn
Across all hybrids, corn managed specifically for overwintering (plant population of 60,000 plants•ha −1 and a foliar fungicide application) had similar or greater spring yields than corn that was overwintered with the standard production practices (plant population of 80,000 plants•ha −1 with no fungicide). For example, at the Ridgetown locations across all hybrids, there was no difference in yield between corn with the overwintering strategy and corn overwintered with the standard production practices (11.1 vs. 11.3 Mg•ha −1 , Table 7 ). Furthermore, yield losses at the Ridgetown locations were only 3.5% (11.1 vs. 11.5 Mg•ha −1 ) across all hybrids when comparing the overwintering management strategy in a spring harvest to corn that was harvested in autumn managed using the standard production practices ( Table 7) . At the Belmont locations, yields for corn with the overwintering strategy were 11.4% greater (10.5 vs. 9.3 Mg•ha −1 ) than corn that was overwintered using standard practices ( Table  7) . This meant that, compared to harvesting the crop in autumn with the standard management practices, there was only a 13.2% yield loss in spring (12.1 vs. 10.5 Mg•ha −1 ) when the overwintering strategy was used. While comparable studies on overwintering corn are limited, the yield losses observed in this study (3.5% and 13.2% for the Ridgetown and Belmont locations, respectively) were substantially lower than the 7% to 10% yield loss reported under favorable conditions and the 38% to 65% yield loss under less favorable overwintering conditions [9] . The results of the current study were more similar to 15% yield loss when a harvest was delayed until late March [8] ; however, yield losses reported in that study represented only one site-year, contrary to this study.
While minimizing yield loss is an important overall goal for the development of an overwintering management strategy, the maintenance of grain quality is an important consideration as well. As such, grain test weights in spring across all hybrids tended to be lower for corn managed for overwintering than corn grown with standard production practices and harvested in autumn. However, grain test weights in spring for corn with the overwintering strategy were greater than or equal to corn overwintered with the standard practices. For example, grain test weights across all hybrids were generally lower in spring for corn with the overwintering strategy compared to harvesting in autumn using the standard production practice at the Belmont (70. (Table 7 ). Yet, across all hybrids at the Belmont locations, corn harvested in spring with the overwintering strategy had a greater grain test weight than corn with standard production practices, 70.4 and 69.2 kg•hL −1 respectively ( Table 7) . At the Ridgetown locations, grain test weights in spring for corn with the overwintering strategy were numerically greater than corn managed with standard practices, but the differences were not statistically significant ( Table 7) . Grain test weights have been shown to decrease as corn overwinters [8] [9] . In the current study, when comparing grain test weights across management strategies within the spring harvest timings, the results indicate that test weight, a grain quality trait, was conserved. However, overwintering corn can also reduce the quality and value of harvested grain because of fungal infections [38] . There was some evidence of higher mycotoxin levels present in the corn harvested in spring, but this was not a grain quality parameter considered in this study.
Conclusion
Harvesting corn in spring is often considered when fields are inaccessible for a timely harvest, when grain moistures are excessively high (>30% to 35%) in autumn, when market prices are low, and/or when drying costs are high. Thus, there is a need for developing a strategy to minimize some of the risks associated with this practice. In this research, an overwintering management strategy for corn was identified which consisted of planting at a low plant population (60,000 plants•ha −1 ) and spraying the crop with a foliar fungicide around tasseling. This strategy minimized yield losses across all hybrids by 3.5% to 13.2% at four out of five field locations, through improvements on corn standability compared to when the crop was overwintered using a standard population with no fungicide application. In southern Ontario, the standard management practices for corn production consists of planting at a relatively high plant population (80,000 plants•ha −1 ), applying a foliar fungicide only if there is justifiable disease pressure, harvesting in the autumn when grain moisture is approximately 25% or less, and drying grain down to 15.5% using on-farm grain dryers or through commercial elevators. Unfortunately, while the overwintering management strategy was an improvement over previous reports of yield losses [8] [9] , lodging was still unacceptable at most locations, with yield losses as high as 50% (estimated) at the Lucan location where 100% of the corn was lodged in spring. Furthermore, regardless of the management treatment, grain moistures in this study would likely have been too low for growers to economically justify forgoing the typical autumn harvest, especially if there are relatively low breakeven drying costs [38] . Further research in this area is warranted as a comprehensive economic analysis of the yield data in this study as affected by management strategy would still be of value to growers in the northern corn producing regions. In addition, the management of grain quality as affected by rot and mold after overwintering should be addressed in future research as well. However, based on the uncertainty of winter weather and impact on lodging and yield loss, harvesting corn in spring may still be too much of a high-risk practice to be widely accepted in areas where the winters are typically harsh, regardless of the management strategy deployed.
